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APPARATUS AND METHOD FOR RETRANSMITTING DATA ACCORDING TO 
RADIO LINK PROTOCOL IN MOBILE COMMUNICATION SYSTEM 

PRIORITY 

This application claims priority to an application entitled "Apparatus and Method for 
Retransmitting Data according to Radio Link Protocol in Mobile Communication System" filed 
in the Korean Industrial Property Office on August 2, 1999 and assigned Serial No. 99-31753, 
the contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 



1 5 The present invention relates generally to a CDMA (Code Division Multiple Access) 

mobile communication system, and in particular, to an apparatus and method for rapidly 
retransmitting frames that are lost during data transmission/reception according to a radio link 
protocol (RLP) used for efficient data transmission in a radio environment. 

20 2. Description of the Related Art 

CDMA has evolved from the IS-95 standards that provide primarily voice transmission 
service to CDMA 2000 standards that can provide the additional services of high quality voice 
transmission, moving picture transmission, and Internet browsing. 

25 

Packet data service in CDMA 2000 is illustrated in FIG. 1. In FIG. 1, a terminal is 
comprised of a terminal equipment TE and a mobile termination MT. BS/MSC denotes a base 
station/mobile switching center and IWF denotes an interworking function (IWF) unit that 
interworks with a data network (e.g., Internet). The IWF unit serves to convert protocols when 
30 different protocols are used. Upper service (web service) processors of the terminal and the IWF 
unit communicate data through an Internet protocol (IP) processor and a point-to-point protocol 
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(PPP) processor. That is, the upper service processors transfer data in link protocol packets to 
lower layers and the lower layers transmit the received data by appropriate protocols. 

In FIG. 1, an EIA-232 controller is used between the TE and the MT by way of 
5 example. Link protocol packets received at the MT through the EIA-232 controller become RLP 
frames according to the RLP, which the present invention is directed to. The RLP frames are 
transmitted over a physical channel connected by the CDMA 2000 standards, namely IS-2000 
standards. The RLP packets received at the base station over the physical channel are recovered 
to the link protocol packets, which are transmitted to the IWF unit through relay layers. The 
10 interface between the base station and the IWF unit is generally based on IS-658 standards. The 
IWF unit takes out data from the link protocol packets and transmits them to a network protocol 
processor and finally to the upper service processors. 

The procedure describes data transmission from the terminal to the base station and data 
1 5 transmission from the base station to the terminal is performed similarly. 

Different configurations from that shown in FIG. 1 can be contemplated to provide 
various services in CDMA 2000. However, they are the same in that link protocol packets 
including web service data are transmitted over a physical channel by RLP. 

20 

FIG. 2 is a detailed block diagram of a mobile communication system for 
transmitting/receiving data according to the RLP of FIG. 1. 

Referring to FIG. 2, transmission data buffers 122 and 222 and reception data buffers 
25 124 and 224, being memory devices, store data that EIA-232 controllers or IS-658 controllers 
received from link protocol processors 110 and 210. RLP processors 130 and 230 receive a 
necessary amount of data from the data buffers 122 and 222 and transmit them to their receiving 
sides. The RLP processors 130 and 230 store the received data in the data buffers 124 and 224. 
The EIA-232 controllers or the IS-658 controllers transmit the stored data to PPP processors, that 
30 is, the link protocol processors 1 10 and 210. The EIA-232 controllers and the IS-658 controllers 
operate based on the EIA-232 standards and the IS-658 standards, respectively. These 
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controllers are not shown in FIG. 2 because the current CDMA 2000 packet service allows other 
schemes as well as the EIA-232 and IS-658 controllers. 

Multiplexing/demultiplexing (MUX/DEMUX) controllers 140 and 240 attach 
5 information about the destinations and sizes of RLP frames and transmit the RLP frames to 
physical layer processors 150 and 250. The MUX/DEMUX controllers 140 and 240 also check 
the destinations and sizes of received RLP frames and transmit the RLP frames to the RLP 
processors 130 and 230. 

10 The physical layer processors 150 and 250 connect physical channels between the 

terminal and the base station according to the IS-2000 standards, transmit information received 
from the MUX/DEMUX controllers 140 and 240 over the physical channels, and transmit 
information received over the physical channels to the MUX/DEMUX controllers 140 and 240. 

15 According to the RLP type 3 standard, if received frames are defective, a frame 

retransmission request is transmitted to an RLP frame transmitter. That is, an RLP frame 
receiver transmits a NAK (Non- Acknowledgment) frame including a retransmission request for a 
specific frame to the RLP frame transmitter and then the RLP frame transmitter retransmits the 
frame. The NAK frame and the retransmitted frame might also be damaged. Hence, the RLP 

20 frame receiver retransmits the NAK frame if it fails to receive the requested frame within a 
predetermined time period. After transmitting the NAK frame, the RLP frame receiver sets a 
retransmission timer to an appropriate value and retransmits the NAK frame if it cannot receive 
the requested frame until the retransmission timer value is decreased one by one and finally to 0. 

25 The retransmission timer value is decreased if the RLP frame receiver receives a null 

frame, an idle frame, or a new data frame. The RLP frame transmitter transmits a null frame or 
an idle frame when it has no data to transmit or no retransmission requests to process. The RLP 
frame transmitter transmits a new data frame when it has data to transmit but no retransmission 
requests to process. Receipt of such frames at the RLP frame receiver implies that the RLP 

30 frame transmitter has received no retransmission request. Therefore, the RLP frame receiver 
decreases the retransmission timer value. 
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However, if the RLP frame transmitter has too many frames to retransmit, it cannot 
transmit a null frame, an idle frame, or a new data frame until it finishes retransmitting the 
frames. Consequently, in case some retransmitted frames are lost again, the RLP frame receiver 
5 does not transmit a retransmission request until it receives a null frame, an idle frame, or a new 
data frame. 

FIG. 3 is a view illustrating a conventional frame retransmission request and 
retransmission procedure. Here, two time slots (i.e., 40ms) are occupied for requesting 
10 retransmission by the RLP frame receiver and then retransmitting a requested frame by the RLP 
frame transmitter, by way of example. While a retransmission timer is set for each 
retransmission frame according to the RLP Type 3 standard, only the case that frame #1 is 
damaged during retransmission will be considered here. 

15 In FIG. 3, the RLP frame receiver recognizes at time Tl that frames #0 to #5 have been 

damaged and transmits an NAK frame, setting a retransmission timer for frame #1 to two time 
slots. The RLP frame transmitter retransmits the requested frames at time T2. The RLP frame 
receiver receives none of the requested frames at time T3 and thus decreases the retransmission 
timer value by 1 . At time T4, the RLP frame receiver receives frame #0 and need not decrease 

20 the retransmission timer value because the RLP frame receiver has received no null frames, idle 
frames, or new data frames. When frame #1 is damaged at time T5, the RLP frame receiver does 
not decrease the retransmission timer value for the above-described reason. The RLP frame 
receiver does not decrease the retransmission timer value at time T6 either because it receives 
frame #2. 

25 

As noted from FIG. 3, according to the current RLP Type 3 standard, retransmission of 
frame #1 that is lost again cannot be requested until the last frame #5 is retransmitted. In case 
too many frames are to be retransmitted, the retransmission request is much delayed. Thus, an 
upper link protocol controller performs retransmission, thereby decreasing the whole 
30 performance. 
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The reason that the RLP Type 3 standard sets the above timer decrease conditions is that 
the RLP frame transmitter processes retransmission requests in the received order. Although the 
RLP frame receiver requests for retransmission of frame #1 at T6, the RLP frame transmitter 
processes the retransmission request received at T2 for frames #0 to #5 prior to processing of the 
5 retransmission request for frame #1 received later than T6. Therefore, arrival of retransmission 
frames in the order of their sequence numbers is not guaranteed. As a result, the RLP frame 
receiver cannot recognize that a specific frame has not been received until the RLP frame 
transmitter finishes transmitting all the retransmission frames. 

10 SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide an apparatus and method for 
transmitting/receiving RLP data in a new RLP frame retransmitting scheme other than the RLP 
Type 3 scheme. 

15 

It is another object of the present invention to provide an apparatus and method for 
transmitting/receiving RLP data, in which an RLP frame transmitter transmits retransmission 
frames in the order of their frame sequence numbers in order to reduce stand-by time at an RLP 
frame receiver and thus increase data transmission efficiency. 

20 

It is a further object of the present invention to provide an apparatus and method for 
transmitting/receiving RLP data, in which an RLP frame receiver can request retransmission 
more rapidly by decreasing a retransmission timer value in a new manner. 

25 It is still another object of the present invention to provide an apparatus and method for 

transmitting/receiving RLP data, in which an RLP frame transmitter determines transmission 
priority of retransmission frames according to their sequence numbers and an RLP frame receiver 
decreases a retransmission timer value based on the sequence numbers of the received frames. 

30 The above objects can be achieved by providing an apparatus and method for 

retransmitting data according to a radio link protocol in a mobile communication system. In the 
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method of requesting frame retransmission, a receiver stores the sequence numbers of a plurality 
of RLP frames that are not received from a transmitter and transmits a retransmission request 
frame including fields that indicate the sequence numbers. Then, the transmitter sequentially 
transmits the requested RLP frames in the order of the sequence numbers to the receiver. The 
5 receiver compares the stored sequence numbers with the sequence numbers of received RLP 
frames and if it receiver fails to receive one of the requested RLP frames, the receiver requests 
retransmission of the lost RLP frame upon receipt of an RLP frame of a higher sequence number 
than the sequence number of the lost RLP frame. 

1 0 BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present invention will 
become more apparent from the following detailed description when taken in conjunction with 
the accompanying drawings in which: 
15 FIG. 1 illustrates the configuration of a general CDMA communication system for 

packet data service; 

FIG. 2 is a block diagram of an RLP-based data transmitting/receiver to which the 
present invention is applied; 

FIG. 3 illustrates a conventional frame retransmission procedure; 
20 FIG. 4 illustrates a frame retransmission procedure according to the present invention; 

FIG. 5 is a block diagram of an RLP data transmitter according to the present invention; 

FIG. 6 is a block diagram of an RLP data receiver according to the present invention; 

FIG. 7 illustrates an example of transmission and reception of RLP frames of a variable 
length in a two dimensional addressing scheme according to the present invention; 
25 FIGs. 8A to 8F illustrate frame formats transmitted over a fundamental channel and a 

dedicated control channel on which to transmit/receive an RLP frame generated according to the 
present invention; 

FIGs. 9A and 9B illustrate frame formats transmitted over a supplemental channel on 
which to transmit/receive an RLP frame generated according to the present invention; and 
30 FIG. 10 is a flowchart illustrating a physical channel information bit generating 

procedure in a MUX/DEMUX controller according to the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A preferred embodiment of the present invention will be described herein below with 
5 reference to the accompanying drawings. In the following description, well-known functions or 
constructions are not described in detail since they would obscure the invention in unnecessary 
detail. 

The present invention is directed to an apparatus and method for requesting RLP frame 
10 retransmission and retransmitting requested frames in a new method other than the RLP Type 3 
method. AN RLP frame transmitter transmits retransmission frames in the order of their 
sequence numbers so that a frame that should arrive at the RLP frame receiver in the first place 
can be transmitted earlier than the others. Consequently, time required for the RLP frame 
receiver to receive frames with lower sequence numbers later than frames with higher sequence 
1 5 numbers is reduced, thereby increasing data transmission performance. Since the RLP frame 
transmitter always transmits retransmission frames in the order of their sequence numbers, the 
RLP frame receiver can decrease a retransmission timer value at an optimal time point and thus 
transmit a retransmission request more rapidly. 

20 According to a frame retransmitting method in the RLP frame transmitter that the 

present invention suggests, the priority of retransmission frames are determined and the frames 
are retransmitted according to the determined priority. The priority can be determined based on 
sequence numbers. Since the RLP frame receiver should receive a frame with the lowest 
sequence number earlier than the other frames, the highest priority is given to the frame with the 

25 lowest sequence number. 

According to a retransmission timer value decreasing method in the RLP frame receiver 
that the present invention suggests, the highest of the sequence numbers of frames received in 
one time slot is stored and retransmission timer values for frames with lower sequence numbers 
30 are decreased by one. Since all retransmission frames are transmitted in the order of their 
sequence numbers, arrival of a frame with a higher sequence number than intended implies that a 
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retransmission request for an awaited frame has not reached the RLP frame transmitter or the 
awaited frame has been lost during transmission. 

FIG. 4 illustrates a retransmission procedure according to the present invention. Here, it 
5 is assumed that frame #1 is damaged during retransmission and only a retransmission timer for 
frame #1 is considered. 

Referring to FIG. 4, the RLP frame receiver recognizes that frames #0 to #5 are 
damaged and transmits an NAK frame to the RLP frame transmitter, setting a retransmission 

10 timer for frame #1 to two time slots, at Tl. The RLP frame transmitter arranges the requested 
retransmission frames in due order and begins to transmit the frames at T2. The RLP frame 
receiver decreases the retransmission timer value by 1, that is, to "1" at T3 because no frames 
have arrived. Upon receipt of frame #0 at T4, the RLP frame receiver does not decrease the 
retransmission timer value because the sequence number of the received frame is less than that of 

15 frame #1. Although frame #1 is damaged during retransmission at T5, the RLP frame receiver 
does not decrease the retransmission timer value because it does not know which frame has been 
damaged. Upon receipt of frame #2 at T6, which implies that frame #1 has already been 
transmitted from the RLP frame transmitter, the RLP frame receiver decreases the retransmission 
timer value to 0 and thus transmits a retransmission request for frame #1 to the RLP frame 

20 transmitter. 

As noted from FIG. 4, the retransmission request for frame #1 can be transmitted shortly 
after frame #2 is received in the present invention. A retransmission request can be generated 
even in the case that there are many retransmission frames, thereby increasing the whole 
25 performance. 

FIG. 5 is a block diagram of an RLP frame transmitter according to the present 
invention. 

30 Referring to FIG. 5, the RLP frame transmitter of the present invention includes a 

transmission data buffer 122, an RLP processor 130, a MUX/DEMUX controller 140, and a 
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physical layer processor 150. The transmission data buffer 122 stores a data stream to be 
transmitted. Upon request for RLP frame generation from the MUX/DEMUX controller 140, the 
RLP processor 130 reads data within a requested size from the data stream stored in the 
transmission data buffer 122 and generates RLP frames. Upon request for RLP frame 
5 retransmission from an RLP frame receiver, the RLP processor 130 retransmits corresponding 
RLP frames. The MUX/DEMUX controller 140 requests the RLP processor 130 to generate 
RLP frames, multiplexes RLP frames (or data blocks) received from the RLP processor 130 in 
response to the request to physical channel information bits, and feeds the physical information 
bits to the physical layer processor 150. While the MUX/DEMUX controller 140 is shown to 
10 request one RLP processor 130 to generate or retransmit RLP frames, a plurality of RLP 
processors can be used. The physical layer processor 150 subjects the received physical channel 
information bits to encoding and modulation based on the CDMA standards and transmits the 
resulting information bits to a receiver over a physical channel. 

15 The RLP processor 130 has an RLP controller 131, an L_V(S) register 132, a V(SS) 

register 141, a forward resequencing buffer 133, a retransmission request queue 134, and a 
segment buffer 146. The RLP controller 131 provides overall control to operations for 
generating RLP frames to be transmitted/retransmitted. The L_V(S) register 132 acts as a 
sequence number counter for counting the sequence number of a new RLP frame and storing it 

20 under the control of the RLP controller 131. The sequence number includes the frame sequence 
number of an RLP frame and the data sequence number of a byte data in the RLP frame. The 
RLP controller 131 reads a count value from the L_V(S) register 132, generates a new frame, and 
then increases the count value of the L_V(S) register 132 by 1. The V(SS) register 141 segments 
an RLP frame and stores the sequence numbers of the segmented frames. 

25 

The forward resequencing buffer 133 stores an RLP frame generated by the RLP 
controller 131. The retransmission request queue 134 stores a retransmission frame generated 
upon request for retransmission from the RLP frame receiver. Here, the retransmission frame is 
stored along with its sequence number. The retransmission request queue 134 functions to 
30 arrange stored retransmission frames in the order of their sequence numbers. The segment buffer 
146 stores segmented RLP frames. 
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FIG. 6 is a block diagram of an RLP frame receiver according to the present invention. 

Referring to FIG. 6, the RLP frame receiver of the present invention includes the 
5 physical layer processor 150, the MUX/DEMUX controller 140, the RLP processor 130, and a 
reception data buffer 124. The physical layer processor 150 subjects physical channel 
information bits received from the RLP frame transmitter over a physical channel to 
demodulation and decoding based on the CDMA 2000 standards and feeds the resulting RLP 
frames to the MUX/DEMUX controller 140. The MUX/DEMUX controller 140 demultiplexes 
10 the received RLP frames and feeds the demultiplexed RLP frames to the RLP processor 130. 
The RLP processor 130 determines whether the received RLP frames include new data or 
retransmitted data. If there are no frames lost during transmission, the RLP processor 130 stores 
the received RLP frames in the reception data buffer 124. On the other hand, if there is a lost 
frame, the RLP processor 130 requests the RLP frame transmitter to retransmit the lost frame. 

15 

The RLP processor 130 includes the RLP controller 131, registers 135 to 137 and 142 to 
145, a NAK list 138, and a rearranging buffer 139. The RLP controller 131 provides an overall 
control to the operation of receiving RLP frames and storing them in the reception data buffer 
124 and requests retransmission of a lost frame to the RLP frame transmitter if there exists a lost 
20 frame. 

The L_V(R) register 135 stores the sequence number of a frame expected to be received 
under the control of the RLP controller 131. The L_V(N) register 136 stores the lowest of the 
sequence numbers of frames that have not been received. The E register 137 stores the count 
25 number of lost RLP frames. 

The RLP controller 131 checks whether RLP frames received from the MUX/DEMUX 
controller 140 are in due order. The L_V(R) register 135 compares the stored frame sequence 
number with the sequence number of a received RLP frame. If they are equal, the RLP controller 
30 131 determines that there are no frames lost during transmission and transmits the data of the 
received RLP frame to the reception data buffer 124. Otherwise, the RLP controller 131 



- 10- 




678-520 (P94S7) 



determines that a frame with a sequence number between the stored sequence number and the 
sequence number of the received RLP frame has been lost. Then, the data of the received RLP 
frame is stored in the rearranging buffer 139, information about the lost frame to be requested for 
retransmission is written in the NAK list 138, and the information is later transmitted along with 
5 a control frame. Upon notification of the lost RLP frame from the MUX/DEMUX controller 
140, the RLP controller 131 reflects the lost frame in the value of the E register 137 for use in 
initialization. 

The NAK list 138 lists the sequence numbers of lost frames, the data sequence numbers 
10 of the first and last bytes of each data, an indicator indicating that a frame is completely received, 
a retransmission timer, and a round timer. The NAK list 138 writes information about data to be 
re-received and maintains a retransmission timer value used to request retransmission or quit a 
retransmission request. The rearranging buffer 139 stores data in a random order and rearranges 
them in due order upon receipt of lost data, and feeds the rearranged data to the reception data 
15 buffer 124. 

The V(RS) register 142 and the V(NS) register 143 store the data sequence numbers of 
segmented frames. The V(RS) register 142 stores the data sequence number of a new segmented 
frame expected to be received next time and the V(NS) register 143 stores the data sequence 

20 number of first data of the RLP frame with the sequence number stored in the L__V(N) register 
136. The R_L_SEQ register 144 stores the highest of the sequence numbers of RLP frames 
received for a predetermined time period. The R_S_SEQ register 145 stores the highest of the 
sequence numbers of segmented frames received for a predetermined time period. The RLP 
controller 131 determines whether to decrease a retransmission timer value in each NAK entry 

25 based on the values stored in the R_L_SEQ register 144 and the R_S_SEQ register 145. 

RLP frame retransmission request and retransmission operations in the RLP frame 
transmitter and the RLP frame receiver shown in FIGs. 5 and 6 can be summarized as below. 

30 The RLP frame transmitter transmits a plurality of RLP frames each having a frame 

sequence number and a data sequence number. 
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The RLP frame receiver receives the RLP frames from the transmitter and stores the 
sequence numbers of lost frames. Then, the RLP frame receiver transmits a NAK frame 
including a field that provides the sequence numbers of the lost frames to the RLP frame 



In response to the NAK frame, the RLP frame transmitter retransmits the corresponding 
frames in the order of their sequence numbers. The retransmitted frames are also given to their 
sequence numbers. 



The RLP frame receiver receives the retransmitted frames in the order of their sequence 
numbers from the RLP frame transmitter and compares the stored sequence numbers with those 
of the received frames. If it turns out that one RLP frame is not received again in the 
comparison, the RLP frame receiver transmits a NAK frame including a field that provides the 
1 5 sequence number of the non-received RLP frame to the RLP frame transmitter. 

While an RLP frame generation and transmission/reception operation can be described 
separately with respect to the RLP processors 130 and 230, they operate in the same manner. 
Therefore, the RLP processor 130 only will be described for clarity of description. 



Two dimensional Addressing Scheme 

The RLP controller 131 in the RLP frame transmitter reads data from a data stream 
stored in the transmission data buffer 122 and generates RLP frames of or below a size requested 
by the MUX/DEMUX controller 140. The data stream stored in the transmission data buffer 122 
25 is assumed to have an infinite length. Therefore, the RLP controller 131 makes no distinction 
between the start and end of the data stream. The generated RLP frames can be divided into RLP 
frames of a fixed size and RLP frames of a variable size. The two kinds of RLP frames may 
have N DATA byte-data at maximum. 

30 In the present invention, the bytes of an RLP frame are numbered with 0 to N DATA -1. 

These sequence numbers are termed data sequence numbers. 0 is assigned to the first data byte 



5 



transmitter. 



10 



20 
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of the RLP frame and the next data byte is numbered with a sequence number 1 higher than that 
of the previous data byte. Since the RLP frame can have N DATA bytes, there is no data sequence 
number greater than N DATA -1 . 

5 Also in the present invention, a sequence number is given to each RLP frame. This 

sequence number is called a frame sequence number. The first generated RLP frame is 
numbered with 0 and a new RLP frame is numbered with a sequence number higher than that of 
the previous RLP frame by 1. If the previous RLP frame is labeled with (2 N -1), the next RLP 
frame is labeled with 0. 

10 

Use of frame sequence numbers and data sequence numbers allow a specific data byte of 
a specific RLP frame to be identified. This scheme will be termed "two dimensional addressing" 
in the present invention. In addition, a two dimensional address including the frame sequence 
number and the data sequence number of a specific data byte will be called "a sequence number" 
15 in brief. 

The greater than/less than/equal relationship between two sequence numbers is defined 
in the two dimensional addressing scheme as follows. 

20 (Table 1) 

There are two sequence numbers £L_SEQ„ S_SEQ,) and (L_SEQ 2 , S_SEQ 2 ), L_SEQ, 
and L_SEQ 2 are frame sequence numbers, and S^SEQj and S_SEQ 2 are data sequence 
numbers in two dimensional addressing. Then, 

(1) if (L^SEQ^l) modulo 2 N < L_SEQ 2 < (L_SEQ 1 +2 N_1 -1) modulo 2 N then 
(L_SEQ 2 , S_SEQ 2 ) > £LSEQ„ S_SEQ 1 ); 

(2) if (L_SEQ 1 +2 N_1 ) modulo 2 N < L_SEQ 2 < (L_SEQ 1 +2 N " 1 -1) modulo 2 N then 
(L_SEQ 2 , S_SEQ 2 } < £L_SEQ„ S_SEQ,); 

(3) if L_SEQ, - L_SEQ 2 and S_SEQ 1 < S_SEQ 2 , (L_SEQ 2 then S_SEQ 2 ) > 
£L_SEQ l9 SJSEQJ; 

(4) if L_SEQi = L_SEQ 2 and S_SEQ 2 < S_SEQ,then £L_SEQ 2 , S_SEQ 2 ) < 



- 13- 




678-520 CP9487) 



(L_SEQ„ S_SEQ,); and 
(5) L_SEQ, = L_SEQ 2 and S_SEQ 2 = S_SEQ, then (L_SEQ 2 , S_SEQ 2 > = (L_SEQ„ 
S_SEQ,>. 

A specific data in a specific RLP frame can be designated by the use of the above- 
defined two dimensional addressing scheme of the present invention. That is, the data can be 
represented using the sequence numbers of the first and last bytes of the data. Since the sequence 
5 number of the first byte < the sequence 1, number of each byte of the data < the sequence number 
of the last byte, it is easily determined whether a certain data byte is included in the designated 
data referring to Table 1 . Therefore, a specific data is represented by two sequence numbers. 
For example, two sequence numbers <L_SEQ A , S_SEQ A > and <L_SEQ B , S_SEQ B > designate all 
data having <L_SEQ A , S_SEQ A > < sequence numbers < <L_SEQ B , S_SEQ B >. The sequence 
10 number <L_SEQ A , S_SEQ A > of the first byte is called the first sequence number and the 
sequence number of <L_SEQ B , S_SEQ B > of the last byte, the last sequence number of the data. 

Table 2 defines a sequence number between two sequence numbers when there are the 
three sequence numbers in the two dimensional addressing scheme. 



There are three sequence numbers (L_SEQ„ S_SEQ,), {L_SEQ 2 , S_SEQ 2 ), and 
(L_SEQ 3 , S_SEQ 3 ), L_SEQ„ L_SEQ 2 and L_SEQ 3 are frame sequence numbers, and 
S_SEQ„ S_SEQ 2 and S_SEQ 3 are data sequence numbers. Then, if {L_SEQ„ S_SEQ,) 
< {L_SEQ 2 , S_SEQ 2 ) < {L_SEQ 3 , S_SEQ 3 }_ £L_SEQ 2 , S_SEQ 2 ) represents data included 
in the data represented by {L_SEQ„ S_SEQ,) and £L_SEQ 2 , S_SEQ 2 ). 

To transmit/receive an RLP frame of a variable length, the present invention uses a field 
LAST_SEQ indicating the last frame segment and (N DAXA -1) as a data sequence number 
20 indicating the last byte. When transmitting the RLP frame separately in a plurality of frame 
segments, the RLP frame transmitter sets LAST_SEG of the last frame segment to 1 because the 
RLP frame receiver does not know the length of the RLP frame. If LAST_SEG is 1, the RLP 
frame receiver determines that the received frame segment is the last one of the RLP frame. 



15 



(Table 2) 
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When requesting retransmission, the RLP frame receiver designates data to be 
retransmitted by setting its first and last sequence numbers. In the case of an RLP frame of a 
variable length, the RLP frame receiver does not know the frame length, as stated above. 
5 Therefore, if the RLP frame receiver fails to receive the last frame segment, it cannot find out the 
last sequence number. In this case, (N DATA -1) is used as the last sequence number of the 
retransmission data. If the RLP frame transmitter receives a retransmission request for data with 
(N DATA -1) as the last sequence number, it considers that a corresponding frame should be 
retransmitted up to its last byte. 

10 

FIG. 7 illustrates an example of transmission and reception of RLP frames of a variable 
length in the two dimensional addressing scheme according to the present invention. Frame 
segments are communicated on the assumption that there are frame #1 with 40 bytes and frame 
#2 with 30 bytes and each frame can have 4096 bytes at maximum. 

15 

Referring to FIG. 7, the RLP frame transmitter transmits frame #1 separately in two 20- 
byte frame segments at Tl and T2, respectively. At Tl, the RLP frame transmitter transmits the 
first frame segment with 20-byte data. Since this frame segment is not the last one, its LST_SEQ 
is set to 0. The RLP frame transmitter transmits the last frame segment with LST_SEQ set to 1 

20 at T2. The RLP frame receiver determines from the field LST_SEQ set to 1 that frame #1 
occupies a total of 40 bytes. The RLP frame transmitter transmits frame #2 in separate frame 
segments with 20 and 10 bytes, respectively at T3 and T4. In case the last frame segment of 
frame #2 is damaged and the first frame segment of frame #3 arrives at the RLP frame receiver, 
the RLP frame receiver transmits a retransmission request for the 21 st through the last bytes of 

25 frame #2, that is, the 21 st through 4095(i.e., 4096-1)* bytes of frame #2 at T5. The RLP frame 
transmitter retransmits the 21 st through the last bytes of frame #2 at T6. Here, LSTSEQ is set to 
1. The RLP frame receiver recognizes from LST_SEQ set to 1 that frame #2 has a total of 30 
bytes and all data of frame #2 has been received. 

30 RLP Frame Transmission/Reception 

Basically, RLP operates based on NAK in the present invention. In other words, if there 
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exists non-received data among data transmitted from the RLP frame transmitter, the RLP frame 
receiver requests retransmission of data of a lost frame. 

According to the RLP utilizing the two dimensional addressing scheme, non-received 
5 data can be represented by the use of two sequence numbers (a frame sequence number and data 
sequence numbers). Therefore, the RLP frame receiver transmits the two sequence numbers as a 
retransmission request to the RLP frame transmitter. 

To implement a rapid retransmission requesting and requested frame retransmitting 
10 operation in the RLP supporting the two dimensional addressing scheme according to the present 
invention, the RLP frame transmitter and the RLP frame receiver operate in the following way. 
The RLP frame transmitter, if it is to transmit a plurality of retransmission frames, transmits a 
retransmission frame of the lowest sequence number in the first place according to Table 1. 
Since each retransmission frame has a frame sequence number and a first byte data sequence 
1 5 number, the first sequence number of data to be transmitted can be achieved. Therefore, the RLP 
frame transmitter arranges the retransmission frames in an ascending order according to their first 
sequence numbers and Table 1. The RLP frame transmitter transmits the retransmission frames 
in the arranged order so as to transmit data that the RLP frame receiver needs to receive in the 
first place, earlier than the other data. 

20 

The RLP frame receiver prepares a retransmission timer for each retransmission request 
to request retransmission of lost data in case a retransmission request does not reach the RLP 
frame transmitter or the requested data is damaged during transmission. Because the RLP frame 
transmitter processes a retransmission request for data with the lowest sequence number first, the 
25 RLP frame receiver decreases a retransmission timer value for awaited data on the following 
conditions. That is, the RLP frame receiver decreases the retransmission timer value by 1 if it 
receives data with a higher first sequence number than that of the awaited data. However, if the 
RLP frame receiver receives data with a lower first sequence number than that of the data 
awaited, it does not decrease the retransmission timer value. 

30 

Data Transmission of MUX/DEMUX Controller 
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The MUX/DEMUX controller 140 in the RLP frame transmitter requests the 
transmitting RLP controller 131 to generate RLP frames. The MUX/DEMUX controller 140 
generates such requests at every predetermined intervals but when and how large RLP frame it 
requests varies depending on the configuration of the MUX/DEMUX controller 140. 

5 

The MUX/DEMUX controller 140 notifies a channel to be used for transmission and 
information about the maximum permitted size T of an RLP frame, requesting the RLP controller 
131 to generate the RLP frame. The RLP controller 131 generates RLP frames within the 
maximum size T. When necessary, the MUX/DEMUX controller 140 specifies an RLP frame 
1 0 size for the RLP controller 131. In this case, the RLP controller 1 3 1 generates RLP frames of the 
designated size. If the MUX/DEMUX controller 140 receives RLP frames of a size less than the 
intended size, it can adjust the RLP frame size to the intended size by adding "0s" to the ends of 
the RLP frames. 

15 The MUX/DEMUX controller 140 receives data blocks from RLP controllers 131 

provided for each service, constructs physical channel information bits out of the data blocks, 
and feeds the physical channel information bits to the physical layer processor 150. Herein 
below, RLP frames that the RLP controller 131 transmits to the MUX/DEMUX controller 140 
are called "data blocks" and transmission units that the MUX/DEMUX controller 140 transmits 

20 to the physical layer processor 150 are called "physical channel information bits". The physical 
layer processor 150 subjects the physical channel information bits to encoding and modulation 
according to the CDMA 2000 standards and transmits the resulting frames over a physical 
channel. 

25 FIG. 10 is a flowchart illustrating a procedure of generating physical channel 

information bits in the MUX/DEMUX controller 140 of the transmitter. 

Referring to FIG. 10, the MUX/DEMUX controller 140 determines the priority of each 
RLP frame prior to generation of physical channel information bits in step 1100. The 
30 transmission priority can be changed to ensure the quality of each service in which data is 
communicated by RLP. The MUX/DEMUX controller 140 has a table listing combinations of 
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data blocks available over each physical channel. These data block combinations are shown in 
Table 3. It is to be noted here that Table 3 does not show all information bit structures of all 
channels available in CDMA 2000 but show only the structure of fundamental channel 
information bits available in a transmission rate set 1 . 

5 

(Table 3) 



Fundamental channel information bit structure available in transmission set 1 



transmission 
rate 


information bit 
header 


first RLP 


second 
RLP 


information bit 
length 


9.6 kbps 


0 


171 bits 




172 bits 


1100 


80 bits 


88 bits 


1101 


40 bits 


128 bits 


1110 


16 bits 


152 bits 


1111 




168 bits 


4.8 kbps 




80 bits 




80 bits 


2.7 kbps 




40 bits 




40 bits 


1.5 kbps 




16 bits 




16 bits 



\ 



In Table 3, transmission rate indicates a transmission rate at which generated physical 
10 channel information bits are transmitted and information bit length indicates the maximum 
permitted number of information bits. Transmission rate varies with information bit length, as 
noted from Table 3. That is, 172 information bits and 80 information bits are transmitted at 9.6 
and 4.8 kbps, respectively, and 40 information bits and 16 information bits are transmitted at 2.7 
and 1.5 kbps, respectively. 

15 

In the physical channel information structure of Table 3, RLP frames are generated from 
two RLP controllers at maximum and the RLP controllers are called a first RLP controller and a 
second RLP controller herein below. As shown in Table 3, RLP frames included in physical 
channel information bits are discriminated based on an information bit header at the start of the 
20 information bits. For example, in the case of information bits including a 171 -bit RLP frame 
generated in the first RLP, the first information bit is set to "0". In the case of information bits 
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including an 80-bit RLP frame generated in the first RLP and an 88-bit RLP frame generated in 
the second RLP, the first four information bits are set to "1 100". Therefore, the MUX/DEMUX 
controller 140 in the receiver detects the sizes, number, and destinations of RLP frames included 
in received information bits from such an information bit header. 

5 

The MUX/DEMUX controller 140 in the RLP frame transmitter stores 8 possible 
combinations of data blocks shown in Table 3 in a set C in step 1 100. Then, the MUX/DEMUX 
controller 140 determines the maximum size T of an RLP frame that is to be transmitted by the 
first RLP frame controller and sets i to L 

10 

In step 1100, the MUX/DEMUX controller 140 requests an RLP controller with higher 
priority to generate an RLP frame of a permitted maximum size. If the higher priority is given to 
the first RLP controller in Table 3, the MUX/DEMUX controller 140 requests the first RLP 
controller to generate an RLP frame of 171 bits at maximum. If the higher priority is given to 
15 the second RLP controller, it requests the second RLP controller to generate an RLP frame of 
168 bits at maximum. In the following description, it is assumed that priority is given to the 
second RLP controller. 

In step 1120, the MUX/DEMUX controller 140 deletes combinations other than 
20 combinations in which the generated RLP frame can be transmitted from the set C. When the 
second RLP controller generates a 40-bit RLP frame and a combination that can transmit the 40- 
bit second RLP frame is expressed as <first RLP frame, second RLP frame>, possible 
combinations are <80bits, 88 bits>, <40 bits, 128bits>, <16 bits, 152 bits>, and <0 bit, 168 bits>. 

25 In step 1130, the MUX/DEMUX controller 140 determines whether only one 

combination remains in the set C. If only one combination remains, the procedure goes to step 
1180 and, otherwise, it goes to step 1140. The MUX/DEMUX controller 140 determines 
whether i is equal to N in step 1140. If they are equal, the procedure goes to step 1170. 
Otherwise, i is increased by 1 in step 1 150 and the procedure goes to step 1 160. 

30 

In step 1160, the MUX/DEMUX controller 140 determines the maximum size of an 
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RLP frame that it will request an RLP controller second in priority to generate from the 
remaining combination. Then, the MUX/DEMUX controller 140 returns to step 1100 to request 
the corresponding RLP controller to generate the RLP frame. Here, the first RLP controller is 
requested to generate an RLP frame of 80 bits at maximum. 

5 

If different combinations can be made for a given data block, the MUX/DEMUX 
controller 140 selects one of them that it considers appropriate in step 1170. If the first RLP 
controller generates a 16-bit RLP frame in step 1110, constructive combinations for the 40-bit 
second RLP frame are <80 bits, 88 bits>, <40 bits, 128 bits>, and <16 bits, 152> bits, referring to 
10 Table 3. The combinations are of the same transmission rate. Therefore, the MUX/DEMUX 
controller 140 can select any of them. On the other hand, if the first RLP controller generates no 
RLP frames in step 1 1 10, <0 bit, 168bits> is the only combination available for the 40-bit second 
RLP frame. 

15 In step 1180, the MUX/DEMUX controller 140 generates information bits out of the 

given data block and the one remaining combination. In the case of a 16-bit first RLP frame, a 
40-bit second RLP frame, and combination <80 bits, 88 bits>, the MUX/DEMUX controller 140 
adds 64 0s to the end of the first RLP frame to make an 80-bit data block, 48 0s to the end of the 
second RLP frame to make an 88-bit data block, and "1 100" as an information bit header to the 

20 start of the two blocks, thereby completing 172 information bits. In the case of a 0-bit first RLP 
frame and a 40-bit second RLP frame, 128 0s are added to the end of the second RLP frame to 
make a 168-bit data block and a information bit header "1111" is added to the start of the data 
block, thereby completing 172 information bits. The information bits are fed to the physical 
layer controller 150 and then transmitted to the MUX/DEMUX controller 140 of the receiver 

25 over a physical channel. 

Data Reception of MUX/DEMUX Controller 

The MUX/DEMUX controller 140 in the RLP frame receiver separates RLP frames 
from physical channel information bits based on possible physical channel information bit 
30 structures and the information bit header and transmits the separated RLP frames to 
corresponding RLP controllers. Having a table listing constructible combinations of data blocks 
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for each physical channel such as Table 3, the MUX/DEMUX controller 140 can interpret the 
received information bits. If the MUX/DEMUX controller 140 considers that the received 
information bits are defective, it notifies each RLP controller of the reception of the defective 
frames. 

5 

RLP Frame Formats 

FIGs. 8A to 8F and FIGs. 9A and 9B illustrate RLP frame types that the RLP controller 
131 can transmit to the MUX/DEMUX controller 140. 

10 In the present invention, SYNC, SYNC/ACK, and ACK shown in FIG. 8A and a NAK 

frame shown in Table 4 are grouped into "control frames", and a data transmitting frame is called 
"data frame". Data frames are divided into a new data frame and a retransmission data frame 
according to whether the frame is newly transmitted or retransmitted. The data frames are also 
divided into an unsegmented data frame and a segmented data frame. As shown in FIG. 8F, a 

15 frame with SEQ fields of 12 bits is called "an idle frame or intersegment fill frame", aside from 
the terms of the control frame and the data frame. 

FIGs. 8A to 8F illustrate the formats of RLP frames transmittable over a fundamental 
channel or a dedicated control channel. 

20 

When necessary, the RLP controller 131 constructs a control frame in the following 
way. For a SYNC, ACK, or SYNC/ACK frame, SEQ is set to the lower 8 bits of a frame 
sequence number stored in the L_V(S) register 132, CTL is set according to a frame type, and 
then FCS follows the CTL. FCS is a 16-bit frame check sequence generated by a polynomial as 
25 provided by RFC-1662. The FCS field is formed for all the previous bits. The RLP controller 
131 sets all bits following FCS to 0s. 

When there exists a frame to be retransmitted, the RLP controller 131 in the RLP frame 
receiver generates a NAK frame and transmits the NAK frame to the MUX/DEMUX controller 
30 140. The structure of the NAK frame is shown in Table 4. 
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(Table 4) 



field 


length 


SEQ 


8 bits 


CTL 


8 bits 


L_SEQ_HI 


4 bits 


NAK_FRM_COUNT 


3 bits 


NAK_SEQ_COUNT 


3 bits 


The following fields occur (NAK_FRM_COUNT+ 1 ) times 


FIRST 


12 bits 


LAST 


12 bits 


The following fields occur (NAK_SEQ_COUNT+l) times 


NAK_SEQ 


12 bits 


FIRSTSEQ 


12 bits 


LAST_SEQ 


12 bits 


The following fields follow the above fields 


PADDINGJ 


variable 


FCS 


16 bits 


PADDING2 


variable 



The RLP controller 131 fills the upper 4 bits of a sequence number stored in the L_V(N) 
register 136 in L_SEQ_HI and the lower 8 bits of the sequence number stored in the L_V(N) 
5 register 136 in SEQ, and sets CTL to "1100 1000". The RLP controller 131 sets 
NAK_FRM_COUNT to (the number of retransmission requests for a frame to be included in the 
NAK frame) -1, The RLP controller 131 sets NAK_SEQ_COUNT to (the number of 
retransmission requests for part of the frame to be included in the NAK frame) -1 . 

10 The RLP controller 131 fills as many retransmission requests as (NAK_FRM_COUNT 

+ 1) for the whole frame. Its frame sequence number is enough to generate a retransmission 
request for the whole frame. The RLP controller 131 fills the 12-bit frame sequence number of a 
first frame in FIRST and the 12-bit frame sequence number of a last frame in LAST. 
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The RLP controller 131 fills as many retransmission requests as (NAK_SEQ_COUNT + 
1) for part of the frame. The first and last sequence numbers of the data part are required to 
request retransmission of the frame part. The RLP controller 131 fills the 12-bit frame sequence 
5 number of the frame part in NAKJSEQ, the 12-bit first sequence number of the frame part in 
FIRST_SEQ 5 and the 12-bit last sequence number of the frame part in LAST_SEQ. The 
retransmission request for the data part is valid for the frame part only. By giving just two frame 
sequence numbers, a retransmission request can be generated for data across a plurality of 
frames. 



After filling the retransmission requests, the RLP controller 131 pads the FCS field with 
0s for byte arrangement and fills the FCS field. The FCS field is a 16-bit frame check sequence 
generated by a polynomial as provided by RFC- 1662. The FCS field is constructed for all the 
previous bits. Then, the RLP controller 131 fills the remaining part of the NAK frame with Os. 



The RLP controller 131 generates a data frame to be transmitted over a fundamental 
channel or a dedicated control channel in the following manner. As shown in FIG. 8B, the RLP 
controller 131 fills the lower 8 bits of the frame sequence number of an RLP frame to be 
transmitted in SEQ and sets CTL to 0. If the RLP frame is to be retransmitted, REXMIT is set to 
20 1 and otherwise, it is set to 0. The RLP controller 131 sets LEN to the length of data to be 
transmitted, fills the data following LEN, and fills the remaining part of the RLP frame with 0s. 

The RLP controller 131 generates a segmented data frame including part of an RLP 
frame to be transmitted over a fundamental channel or a dedicated control channel in the 

25 following ways. As shown in FIG. 8C, the RLP controller 131 fills the lower 8 bits of the frame 
sequence number of an RLP frame segment to be transmitted in SEQ and sets CTL to "10000". 
If the RLP frame segment is to be retransmitted, REXMIT is set to 1 and, otherwise, it is set to 0. 
The RLP controller 131 fills S__SEQ with the 12-bit data sequence number of the first byte of the 
data to be transmitted. If the segmented data frame includes the last byte of a corresponding RLP 

30 frame, LAST is set to 1. Otherwise, it is set to 0. The RLP controller 131 sets LEN to the length 
of the data to be transmitted, places the data following S_SEQ, and fills the other part of the data 



10 



15 
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frame with 0s. 

RLP frames according to the present invention use two different formats shown in FIGs. 
8D and 8E at the highest transmission rate (i.e., 9.6 or 14.4 kbps) of a fundamental channel or a 
5 dedicated control channel The two formats are identified by their last 2-bit fields TYPE. The 
format shown in FIG. 8D is used to transmit only data and has SEQ filled with the lower 8 bits of 
a frame sequence number stored in the L_V(S) register 132 and TYPE set to 1 1 for retransmitted 
data and 10 for new data. In the format shown in FIG. 8E, an information field is filled with a 
frame in the format shown in FIGs. 8A, 8B, or 8C and TYPE is set to 00. 



The RLP controller 131 generates an idle frame or an intersegment fill frame to be 
transmitted over a fundamental channel or a dedicated control channel in the following manner. 
As shown in FIG. 8F, SEQ is filled with the lower 8 bits of a frame sequence number stored in 
the L_V(S) register 132 and L_SEQ with the upper 4 bits of the frame sequence number of the 
15 L_V(S) register 132. CTL is set to "1001" for an idle frame and to "1010" for an intersegment 
fill frame. 

FIGs. 9A and 9B illustrate the formats of an RLP frame transmitted over a supplemental 
channel according to the present invention. 



The RLP controller 131 generates a data frame to be transmitted over a supplemental 
channel in the following way. In FIG. 9A, SEQ is filled with the lower 8 bits of the frame 
sequence number of an RLP frame to be transmitted. If the RLP frame is to be retransmitted, 
TYPE is set to 10 and otherwise, it is set to 11. The RLP controller 131 fills the other part of the 
25 data frame with data. 

The RLP controller 131 generates a segmented data frame including part of an RLP 
frame to be transmitted over a supplemental channel in the following way. In FIG. 9B, SEQ is 
filled with the lower 8 bits of the frame sequence number of the RLP frame and CTL and TYPE 
30 are set to "00" and "01", respectively. If the segmented frame is to be retransmitted, REXMIT is 
set to 1 and otherwise, it is set to 0. The RLP controller 131 fills S_SEQ with the 12-bit data 



10 



20 
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sequence number of the first byte of the data to be transmitted. If the segmented data frame 
includes the last byte of the RLP frame, LST is set to 1 and otherwise, it is set to 0. The RLP 
controller 131 places data following LAST and fills the other part of the frame with 0s. 



Prior to frame transmission/reception, the RLP controller 131 sets the initial values of 
the L_V(S) register 132, the LV(R) register 135, the LV(N) register 136, the E register 137, the 
V(SS) register 141, the V(RS) register 142, the V(NS) register 143, the R_L_SEQ register 144, 
and the R_S_SEQ register 145 to 0s. Also the RLP controller 131 deletes all entries of the 
10 forward resequencing buffer 133, the retransmission request queue 134, the NAK list 138, the 
rearranging buffer 139, and the segment buffer 146. In the present invention, it is assumed that 
each of the L_V(S) register 132, the L_V(R) register 135, the L_V(N) register 136, the 
RLSEQ register. 144, the V(SS) register 141, the V(RS) register 142, the V(NS) register 143, 
and the R_S_SEQ register 145 can store a 12-bit integer. 



The RLP controller 131 is initialized as follows: 

(1) the RLP controller 131 continuously transmits SYNC frames to the MUX/DEMUX 
controller 140; 

(2) upon receipt of a SYNC frame from the MUX/DEMUX controller 140 during 
20 performing step (1), the RLP controller 131 continuously transmits SYNC/ACK frames to the 

MUX/DEMUX controller 140 until it receive a different frame from the SYNC frame; and 

(3) upon receipt of a SYNC/ACK frame from the MUX/DEMUX controller 140 during 
performing step (1), the RLP controller 131 continuously transmits ACK frames to the 
MUX/DEMUX controller 140 until it receive a different from the SYNC/ACK frame. 



Upon receipt of a different frame from the SYNC/ACK frame, that is, upon completion 
of the initialization, the RLP controller 131 initiates data transmission. The RLP controller 131 
can transmit all other frames than the SYNC, SYNC/ACK, and ACK frames to the 
MUX/DEMUX controller 140. 



5 



Initialization of RLP Controller 



15 



25 



30 



Data Frame Transmission of RLP Controller 
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The RLP controller 131 uses the L_V(S) register 132 to designate a frame sequence 
number. When a new RLP frame is generated, the RLP controller 131 designates a value stored 
in the L_V(S) register 132 as the 12-bit frame sequence number of the new RLP frame. The 
RLP controller 131 stores the RLP frame in the forward resequencing buffer 133 in preparation 
5 for a possible retransmission request from the receiving side. The RLP controller 131 segments 
the RLP frame prior to transmission if the size of the RLP frame is a maximum size set by the 
MUX/DEMUX controller 140. If the RLP frame is less than the maximum size, the RLP 
controller 131 simply feeds the RLP frame to the MUX/DEMUX controller 140. The RLP 
controller 131 does not generate a new RLP frame until the generated data frame is completely 
10 transmitted. 

When finishing transmitting the data frame, the RLP controller 131 sets the value of the 
L_V(S) register 132 to the remainder of dividing (the value of the L_V(S) register 132 + 1) by 
2 12 . If data is retransmitted or a control frame/idle frame is transmitted, the value of the L_V(S) 
1 5 register 132 is not increased. 

If there exists a retransmission frame in the retransmission request queue 134, the RLP 
controller 131 should retransmit the frame. The retransmission frame may be an unsegmented 
data frame or a segmented data frame. If the retransmission frame is an unsegmented data frame, 
20 the first sequence number of the data of the retransmission frame has a 12-bit frame sequence 
number stored along with the retransmission frame and a data sequence number "0". If the 
retransmission frame is a segmented data frame, the first sequence number of the data of the 
retransmission frame has a 12-bit frame sequence number stored along with the retransmission 
frame and 12 bits of SJSEQ as a data sequence number. 

25 

The RLP controller 131 transmits a retransmission frame with the lowest first sequence 
number in the first place in transmitting retransmission frames stored in the retransmission 
request queue 134. The RLP controller 131 segments the RLP frame to be retransmitted if it is 
greater than the maximum size set by the MUX/DEMUX controller 140. Otherwise, the RLP 
30 controller 1 3 1 just feeds the RLP frame to the MUX/DEMUX controller 140. 
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When there are no control frames, retransmission frames, and new data frames to 
transmit, the RLP controller 131 can transmit an idle frame shown in FIG. 8F to the 
MUX/DEMUX controller 140. 

5 Transmission of Segmented Data Frame in RLP Controller 

If an unsegmented data frame or a segmented data frame to be transmitted is larger than 
a maximum size set by the MUX/DEMUX controller 140, the RLP controller 131 segments the 
data frame prior to transmission. The unsegmented/segmented data frame to be transmitted will 
be referred to as "an RLP frame to be transmitted". If the maximum size is too small to transmit 
10 any segmented data frame, the RLP controller 131, the RLP controller 131 transmits no frame or 
an intersegment fill frame to the MUX/DEMUX controller 140. 

In segmenting the RLP frame to be transmitted, the RLP controller 131 forms a 
segmented frame of the size requested by the MUX/DEMUX controller 140 by segmenting the 
15 RLP frame from the start. The segmented frame will be referred to as "a frame segment to be 
transmitted". 



In forming frame segments from a new data frame, the RLP controller 131 uses the 
lower 8 bits of the frame sequence number of the RLP frame and the data sequence number of 
20 the first byte of the frame segment, stored in the V(SS) register 141. After the frame segment is 
completed, the RLP controller 131 increases the value of the V(SS) register 141 by the number 
of data bytes included in the frame segment. 

On the other hand, in forming frame segments from a retransmission data frame, the 
25 RLP controller 131 operates in a different manner. The data sequence number of the first byte of 
a frame segment to be transmitted is "0" when the frame segment comes from an unsegmented 
data frame. If the frame segment comes from a segmented data frame, the field S_SEQ of the 
segmented data frame is used as the data sequence number of the first byte of the frame segment 
to be transmitted. The frame segment to be transmitted is formed using the lower 8 bits of the 
30 frame sequence number of an RLP frame to be transmitted and the above data sequence number. 
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The RLP controller 131 forms another frame segment out of the remaining data of the 
RLP frame to be transmitted. This frame segment will be referred to as "a remaining frame 
segment". 

5 In forming frame segments from a new data frame, the RLP controller 131 uses the 

lower 8 bits of the frame sequence number of the RLP frame to be transmitted and the data 
sequence number of the first byte of the remaining frame segment, stored in the V(SS) register 
141. 



10 On the other hand, in forming frame segments from a retransmission data frame, the 

RLP controller 131 uses (the above-obtained data sequence number + the number of the data 
bytes of the frame segment to be transmitted) as the data sequence number of the first byte of the 
remaining frame segment. The remaining frame segment is formed using the lower 8 bits of the 
frame sequence number of an RLP frame to be transmitted and the above data sequence number. 

15 

The RLP controller 131 transmits the frame segment to the MUX/DEMUX controller 
140. If the RLP frame to be transmitted is a retransmission data frame, the RLP controller 131 
stores the remaining frame segment along with the 12-bit frame sequence number of the RLP 
frame in the retransmission request queue 134. If the RLP frame is a new data frame, the RLP 

20 controller 131 stores the remaining frame segment along with the 12-bit frame sequence number 
of the RLP frame in the segment buffer 146. When transmitting a new data frame, the RLP 
controller 131 performs the frame segment transmission procedure on the remaining frame 
segment stored in the segment buffer 146. After transmitting the remaining frame segment, the 
RLP controller 131 sets the value of the V(SS) register 141 to 0 and the value of the L_V(S) 

25 register 132 to the remainder of dividing (the L__V(S) register value + 1) by 2 12 . 

Reception of Control Frame in RLP Controller 

The MUX/DEMUX controller 140 informs the RLP controller 131 of the size T of a 
received RLP frame, transmitting the RLP frame to the RLP controller 131.. 

30 

Upon receipt to a SYNC, SYNC/ACK, or ACK frame, the RLP controller 131 performs 
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the initialization operation. Upon receipt of a NAK frame, the RLP controller 131 interprets the 
NAK frame referring to Table 4. First, the RLP controller 131 forms a 12-bit sequence number 
using L_SEQ_HI of the NAK frame as the upper 4 bits and SEQ of the NAK frame as the lower 
8 bits. Since the sequence number is the value of the L_V(N) register 136 in the receiver, the 
5 RLP controller 131 can delete retransmission entries with frame sequence numbers lower than 
the value of the L_V(N) register 136 from the forward resequencing buffer 133. 

The RLP controller 131 can detect the number of frame retransmission requests and the 
number of frame part retransmission requests in the received NAK frame based on 
1 0 NAK_FRM_COUNT and NAK_SEQ_COUNT. 

The RLP controller 131 performs the following procedure on each of 
(NAK_FRM_COUNT+l) frame retransmission requests included in the received NAK frame. 

15 (1) The frame sequence number L_SEQ of a frame requested to be retransmitted is set 

as FIRST of its frame retransmission request. 

(2) An RLP frame with a 12-bit frame sequence number identical to the frame sequence 
number L_SEQ is searched for in the forward resequencing buffer 133. If the RLP frame exists 

20 in the forward resequencing buffer 133, a copy of the RLP frame is stored in the retransmission 
request queue 134 along with its 12-bit frame sequence number. 

(3) If L_SEQ is equal to LAST of the frame retransmission request, then the procedure 
ends. Otherwise, L_SEQ is updated to the remainder of dividing (the L_SEQ value +1) by 2 12 

25 and the above procedure is repeated. 

The RLP controller 131 performs the following procedure on each of 
(NAK_SEQ_COUNT+l) frame part retransmission requests included in the received NAK 
frame. 

30 

(1) The sequence number L_SEQ of a frame requested to be retransmitted is set as 
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NAKSEQ of its frame part retransmission request. 

(2) An RLP frame with a 12-bit frame sequence number identical to the frame sequence 
number L_SEQ is searched for in the forward resequencing buffer 133. If the RLP frame exists 
5 in the forward resequencing buffer 133, then segmented data frames are formed out of data with 
FIRST_SEQ and LST_SEQ of the retransmission request as its data sequence numbers. A 
segmented data frame is constructed by the use of the lower 8 bits of the frame sequence number 
of the RLP frame and the data sequence number of the first byte of the data. The RLP controller 
131 stores the segmented frame in the retransmission request queue 134 along with the 12-bit 
1 0 frame sequence number of the RLP frame. 

Reception of Data Frame in RLP Controller 

The MUX/DEMUX controller 140 transmits the size T of a received RLP frame along 
with the RLP frame to the RLP controller 131. 

15 

Upon receipt of a new data frame, the RLP controller 131 computes the 12-bit sequence 
number LJSEQ of the received new data frame using the 12-bit value of the L_V(R) register 135 
and SEQ of the received new data frame by 



In case the RLP controller 131 receives a retransmission data frame, it should refer to 
the NAK list 138 shown in FIG. 6. Each NAK entry in the NAK list 138 includes L_SEQ (the 

25 12-bit frame sequence number of a lost frame), FISRT_S_SEQ (the 12-bit data sequence number 
of the first byte of data), LAST_S_SEQ (the 12-bit data sequence number of the last byte of the 
data), RECEIVED (an indicator indicating whether a whole frame has been received), 
REXMIT_TIMER (retransmission timer), and ROUND_COUNTER (round counter). The RLP 
controller 131 searches for a NAK entry equal to the value of the 8-bit SEQ field of the received 

30 retransmission frame in the NAK list 138. If such a NAK entry exists, then the RLP controller 
131 makes the frame sequence number stored in the NAK entry the frame sequence number 



20 



L_SEQ = [L_V(R) + {2 8 + SEQ - (L_V(R) modulo 2 8 )} 



modulo 2 ] 



modulo 2 



12 



(1) 



-30- 




678-520 (P9487) 



L_SEQ of the received frame. If there is no such NAK entry, then the RLP controller 131 
discards the received frame. 

The RLP controller 131 processes the received frame utilizing the frame sequence 
5 number L_SEQ, data sequence number S_SEQ, and LAST of the received frame. If the received 
frame is not a segmented data frame but an unsegmented data frame, the RLP controller 131 
considers the data sequence number S_SEQ to be "0" and the last segment indicator LAST to be 
"1". If the received frame is a segmented data frame, the RLP controller 131 determines the data 
sequence number S_SEQ to be the value of the field S_SEQ of the received frame and the last 
10 segment indicator LAST to be the value of the field LAST of the received frame. The RLP 
controller 131 processes the received segmented and unsegmented data frames in the same 
manner as described below. 

If the RLP controller 131 receives a new data frame, then it performs the following 
15 operation. 

(1) If the RLP controller 131 considers that the received frame is a delayed frame, then 
it processes the received frame like a retransmission frame. 

20 (2) If the sequence number (L_SEQ, S_SEQ) of the received frame is <the value of the 

L_V(R) register 135, the value of the V(RS) register 142>, then the RLP controller 131 increases 
the value of the V(RS) register 142 by the number of the received data bytes. If LAST of the 
received frame is 1, the RLP controller 131 sets the value of the V(RS) register 142 to "0" and 
the value of the L_V(R) register 135 to the remainder of dividing (the value of the L_V(R) 

25 register 135 +1) by 2 12 . If LAST is 1 and the value of the L_V(R) register 135 before it is 
incremented by 1 is equal to the value of the L_V(N) register 136, then the RLP controller 131 
sets the value of the L_V(N) register 136 to the remainder of dividing (the value of the L_V(N) 
register 136 +1) by 2 12 and stores the received data in the reception data buffer 124. In this case, 
the data frame has been received normally. If the value of the L_V(R) register 135 before it is 

30 incremented by 1 is different from the value of the L_V(N) register 136, then the RLP controller 
131 stores the received frame in the rearranging buffer 138. In this case, the data frame has not 
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been received normally and thus a retransmission frame is awaited. 

(3) If the sequence number (L_SEQ, S_SEQ) of the received frame is larger than <the 
value of the L_V(R) register 135, then the value of the V(RS) register 142>, the RLP controller 
5 131 forms a NAK entry for data or a frame with <the value of the L_V(R) register 135, the value 
of the V(RS) register 142> < first sequence number < (L_SEQ, S_SEQ). In the NAK entry, 
LJSEQ is set to a frame sequence number, FIRST_S_SEQ to the data sequence number of the 
first byte of each data, LAST_S_SEQ to the data sequence number of the last byte of each data, 
RECEIVED to 0, and ROUND_COUNTER to a predetermined value. The RLP controller 131 
10 sets the value of the V(RS) register 142 by (the data sequence number S_SEQ + the number of 
the bytes of the received data). If LAST of the received segmented frame is 1, then the RLP 
controller 131 sets the value of the V(RS) register 142 to 0 and the value of the L_V(R) register 
135 to the remainder of dividing (the value of the L_V(R) register 135 +1) by 2 12 and stores the 
received data in the rearranging buffer 139. 

15 

If the RLP controller 131 receives a retransmission data frame, then it performs the 
following operation. 

(1) If the sequence number (L_SEQ, S_SEQ) of the received frame is less than <the 
20 value of the L_V(N) register 136, the value of the V(NS) register 143> and the received data 

does not include data represented by <the value of the L_V(N) register 136, the value of the 
V(NS) register 143>, then the RLP controller 131 discards the received frame. 

(2) If the sequence number (L_SEQ, S_SEQ) of the received frame is greater than or 
equal to <the value of the L_V(N) register 136, the value of the V(NS) register 143>, then the 

25 RLP controller 131 discards the received frame. 

(3) If the received data includes data represented by <the value of the L_V(N) register 
136, the value of the V(NS) register 143>, then the RLP controller 131 stores data having <the 
value of the L_V(N) register 136, the value of the V(NS) register 143> as a first sequence 

30 number and the data sequence number of the last byte of the received data as a last sequence 
number in the reception data buffer 124. The RLP controller 131 sets the value of the V_(NS) 
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register 146 to (the data sequence number of the last byte of the received data +1). If LAST of 
the received frame is 1, then the RLP controller 131 sets the value of the V(NS) register 146 to 0 
and the value of the L_V(N) register 136 the remainder of dividing (the value of the L_V(N) 
register 136 +1) by 2' 2 . The RLP controller 131 repeats the retransmission frame receiving 
5 procedure for the retransmission frames stored in the rearranging buffer 139 in the order of their 
sequence numbers. If no retransmission frame stored in the rearranging buffer 139 includes a 
frame with <the value of the L_V(N) register 136, the value of the V(NS) register 143>, then the 
above procedure ends. 

1 0 (4) If the sequence number <L_SEQ, S_SEQ> is greater than <the value of the L_V(N) 

register 136, the value of the V(NS) register 143>, then the RLP controller 131 stores the 
received frame in the rearranging buffer 139. 

Then, the RLP controller 131 performs the following operation for each NAK entry. 

15 

(1) If L_SEQ in the NAK entry is different from the frame sequence number L_SEQ of 
the received frame, then the RLP controller 131 leaves the NAK entry unchanged. Only if 
L_SEQ in the NAK entry is equal to the frame sequence number L_SEQ of the received frame, 
the following steps are implemented. 

20 

(2) The RLP controller 131 calculates the data sequences of the first and last bytes of the 
received data, that is, F_S_SEQ and L_S_SEQ. F_S_SEQ is the data sequence number S_SEQ 
of the received frame and L_S_SEQ is the data sequence number of the last byte of the received 
frame. If LAST of the received frame is 1, then L_S_SEQ is (2 12 -1). 

25 

(3) If data represented by FIRST_S_SEQ and LAST_S_SEQ of the NAK entry is 
included in the received data, then the RLP controller 131 sets RECEIVED to 1. 

(4) If all of the data represented by FIRST_S_SEQ and LAST_S_SEQ of the NAK entry 
30 is not included in the received data, then the RLP controller 131 forms different NAK entries for 

the included data and the non-included data. That is, L_SEQ is set to the frame sequence number 



-33 - 




678-520 (P9487) 



of the received frame, FIRST_S_SEQ and LAST_S_SEQ are set to appropriate values for each 
data, RECEIVED is set to 1 for the included data and to 0 for the non-included data, 
REXMIT_TIMER is set to the same value of REXMIT_TIMER of the NAK entry, and 
ROUND_COUNTER is set to a predetermined value. The RLP controller 131 deletes the 
5 existing NAK entry. 

(5) If any of the data represented by FIRST_S_SEQ and LAST_S_SEQ of the NAK 
entry is not included in the received data, then the RLP controller 131 renders the NAK entry 
unchanged. 

10 

Reception of Idle/Intersegment Fill Frame in RLP Controller 

Upon receipt of an idle frame or an intersegment fill frame, the RLP controller 131 
obtains the 12-bit frame sequence number L_SEQ of the received frame by combining the 
L_SEQ_HI value of the received frame as the upper 4 bits and the SEQ value as the lower 8 bits. 

15 

The RLP controller 131 operates for the received idle/intersegment fill frame in the 
following manner. 

(1) If the frame sequence number L_SEQ of the received frame is larger than the value 
20 of the L_V(R) register 135, then the RLP controller 131 makes NAK entries for all frames with 

the value of the L_V(R) register 135 < frame sequence numbers < (L_SEQ-1) modulo 2 12 . 
L_SEQ of each NAK entry is set to the frame sequence number of a corresponding frame, 
FIRST_S_SEQ to 0, LAST_S_SEQ to (2 12 -1), RECEIVED to 0, and ROUND_COUNTER to a 
predetermined value. 

25 

(2) If the frame sequence number L_SEQ of the received frame is less than the value of 
the L_V(R) register 135, then the RLP controller 131 performs the initialization operation. 

Reception of Damaged Frame in RLP Controller 

30 Informed of receipt of a damaged RLP frame by the MUX/DEMUX controller 140, the 

RLP controller 131 increases the value of the E register 137 by 1. If the increases E register 
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value is larger than 255, then the RLP controller 131 performs the initialization operation. 

If there exists a normally received RLP frame during data reception, the RLP controller 
131 sets the value of the E register 137 to 0. 

5 

Amendment of NAK List in RLP Controller 

After processing all frames received for a predetermined time period, the RLP controller 
131 determines whether a retransmission request is to be issued for each NAK entry of the NAK 
list 138 or it will await no more retransmission in the following way. 

10 

In the present invention, the process of requesting a retransmission to the RLP frame 
transmitter and awaiting reception of a retransmission data frame by the RLP frame receiver is 
defined as "one round". One round is terminated a predetermined time after transmission of a 
NAK frame including a retransmission request or when a requested frame arrives. A 
1 5 retransmission request can be transmitted across a plurality of successive NAK frames in one 
round. 

A base station RLP determines whether after several rounds, the RLP frame receiver 
should give up data reception or how many NAK frames will be used to transmit a 
20 retransmission request in each round. 

Every time the RLP controller 131 receives RLP frames, it stores an RLP frame with the 
highest sequence number in the R_L_SEQ register 144. The RLP controller 131 stores the data 
sequence number of the first byte of an RLP frame with a frame sequence number equal to the 

25 value of the R_L_SEQ register 144 in the R_S_SEQ register 145. If a plurality of RLP frames 
have frame sequence numbers equal to the value of the R_L_SEQ register 144, the RLP 
controller 131 stores the highest of the data sequence numbers of the first bytes of the RLP 
frames. For example, if the received frame is an unsegmented data frame with a frame sequence 
number equal to the value of the R_L_SEQ register 144, then 0 is stored in the R_S_SEQ 

30 register 145. If received frames with frame sequence numbers equal to the value of the 
R_L_SEQ register 144 are all segmented frames, then the highest of S_SEQ field values of the 
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segmented frames is stored in the RSSEQ register 145. 

The RLP controller 131 performs the following operation for all the NAK entries of the 
NAK list 138, starting with the oldest NAK entry. 

5 

(1) If REXMIT_TIMER of the NAK entry is larger than 0 and data designated by the 
NAK entry is included in as many NAK frames as the base station RLP determines for a current 
round, then the RLP controller 131 compares the sequence number <L_SEQ, FIRST_S_SEQ> of 
the NAK entry with <the value of the RLSEQ register 144, the value of the R_S_SEQ register 

10 145>. If <L_SEQ, FIRST_S_SEQ> is less than <the value of the R_L_SEQ register 144, the 
value of the R_S_SEQ register 145>, then the RLP controller 131 decreases REXMITTIMER 
by 1. 

(2) If the decreased REXMIT_TIMER is 0, then the RLP controller 131 decreases 
15 ROUND_COUNTER of the NAK entry by 1. If RECEIVED of the NAK entry is 1, then the 

RLP controller 131 deletes the NAK entry from the NAK list 138. 

(3) On the other hand, if RECEIVED is 0 and ROUND_COUNTER is 0, then the RLP 
controller 131 considers that an awaited frame has not been received and sets the value of the 

20 V(NS) register 143 to (LAST_S_SEQ + 1). If the value of V(NS) register 143 is 0, then the RLP 
controller 131 sets the value of the L_V(N) register 136 to the remainder of dividing (the value 
of the L_V(N) register 136 + 1) by 2 12 . The RLP controller 131 performs the retransmission 
frame receiving procedure for frames stored in the rearranging buffer 139. If there is no frame 
that includes data represented by <the value of the RLSEQ register 144, then the value of the 

25 RSSEQ register 145> in the rearranging buffer 139, the above procedure ends. 

(4) If RECEIVED of the NAK entry is 0 and ROUND_COUNTER is not 0, then the 
RLP controller 131 sets REXMIT TIMER of the NAK entry to a value larger than 0 and 
includes the data designated by the NAK entry in as many frames as designated by the base 

30 station RLP for a current round. 
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The RLP controller 131 performs the following operation for all NAK entries whose 
REXMIT_TIMER values are not set in the NAK list 138. 

(1) The RLP controller 131 sets ROUNDCOUNTER of the NAK entry to a value set 
5 by the base station RLP controller. 

(2) REXMIT_TIMER of the NAK entry is set to a value larger than 0 and the data 
designated by the NAK entry is included in as many NAK frames as designated by the base 
station RLP. 

10 

As described above, the present invention provides a more rapid data retransmission 
method than the conventional one to efficiently transmit data. Therefore, the transmission 
efficiency of the RLP is increased. 

15 While the invention has been shown and described with reference to a certain preferred 

embodiment thereof, it will be understood by those skilled in the art that various changes in form 
and details may be made therein without departing from the spirit and scope of the invention as 
defined by the appended claims. 
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